opment, day of year (DOY), and accumulated growing degree days (GDD) is lacking, and models developed Recent advancements in describing morphological development of to predict leaf/stem ratio would be useful. perennial grasses have provided a useful index for identifying dates to harvest hay or graze pasture. The objective of this study was to
of grass sward maturity based on a population mean instead of a few tillers. This system has been recommended by ASA, CSSA, and SSSA (Frank and Card-M orphological development of forage crops can well, 1997). Fick et al. (1994) proposed that this system be used to determine harvest date of alfalfa (Medmight be more useful in predicting forage quality than icago sativa L.) (Kalu and Fick, 1981) , predict forage age-quality relationships with species where developquality in warm-season grasses (Mitchell et al., 2001) , and mental stage and quality respond to the environment grazing readiness of several cool-season grasses (Frank in the same way. and Hofmann, 1989; Frank, 1991) . Leaf/stem ratio is an Big bluestem, like other warm-season grasses, is deimportant factor in determining quality, diet selection, terminant in growth habit, and its morphological develand forage intake (Chacon and Stobbs, 1976 ; Chacon opment can be predicted by age and GDD (Mitchell et et al., 1978; Forbes and Coleman, 1993) . Although leaf/ al., 1997) . Plant maturity integrates cumulative effects stem ratio is an important measurement in grazing studof physiological processes that are expressed in yield and ies and grass-breeding programs, grass swards are infreherbage quality (Buxton and Fales, 1994) . Thus, morphoquently characterized in terms of it because estimating logical development, DOY, and GDD should predict leaf/stem ratio is a tedious process of separating leaves leaf/stem ratio and forage quality parameters in big blueand stems by hand. Information regarding the relationstem. Previous studies have concentrated on relationships between leaf/stem ratio and morphological develships between morphological development, DOY, or GDD and forage quality in nondefoliated swards (Bux- Dep. of Agron. and Hortic., Univ. of Nebraska, 279 Plant Sci., Lincoln, ton and Marten, 1989; Frank and Hofmann, 1989 ; Frank, NE 68583. A.J. Smart, current address: Dep. of Animal and Range 1991; Mitchell et al., 2001) . Information is lacking on selected randomly within each paddock. At each location, at least 50 tillers were hand-clipped at about 2.5 cm above ground level. Immediately following collection, all samples were the relationships between morphological development, brought to the laboratory, and the morphological develop-DOY, and GDD and forage quality characteristics on mental stage was determined (Moore et al., 1991) . The MSC was calculated for each treatment at each sampling date. Two grazed swards. The objective of this study was to deterstaged samples were dried in a forced-air oven at 60ЊC for mine the relationship between big bluestem MSC, days 72 h. Dried samples were hand-separated into leaf blade and from 1 May, and GDD and leaf/stem ratio, CP, and stem (including leaf sheath and inflorescence) components neutral detergent fiber (NDF) in grazed and nongrazed and weighed to determine leaf/stem ratio. One sample of leaf/ swards. stem ratio from each experimental unit was recombined and ground in a Wiley mill (Arthur Thomas Co., Philadelphia,
MATERIALS AND METHODS
PA) to pass a 1.0-mm screen and further ground through a cyclone mill (Udy Analyzer Co., Boulder, CO) with a 1.0-mm A sward of 'Pawnee' big bluestem was established in a 4-ha screen. Samples were stored in plastic bags at room temperafield in 1995 and interseeded to thicken the sward in 1996 on ture before near-infrared reflectance spectroscopy analysis a Sharpsburg silty clay loam (fine, montmorillonitic, mesic, was performed for CP and NDF. Typic Argiudoll) at the Agricultural Research Development Ground forage samples were scanned using a Perstorp Center near Mead, NE. The sward was not fertilized during model 6500 near-infrared scanning monochromator, and softestablishment or in pursuant years. Broadleaf weeds were conware options Center and Select (NIRSystems, Perstorp Anatrolled as needed by applying 2,4-D (2,4-dichlorophenoxy acelytical Co., Silver Spring, MD) were used for closed model tic acid) at 2.1 L ha Ϫ1 . The sward was not harvested in 1996, calibration equation development. Wet chemistry procedures and considerable plant biomass accumulated. Prescribed burns using the ANKOM Fiber Analyzer (ANKOM 200, Ankom were conducted in late April 1997 and 1998 to remove the Technol., Fairport, NY) described by Vogel et al. (1999) were dead plant material.
used to determine NDF. Nitrogen concentration was deter-Plant material used in this study was collected in 1997 and mined with a FP-428 N determinator system (601-700-300, 1998 from a grazing experiment conducted on this site and LECO Corp., St. Joseph, MI). Crude protein content was designed to determine yield responses of big bluestem followcalculated as percentage N ϫ 6.25. Calibration statistics for ing intensive early spring defoliation. The experiment was NDF and CP prediction equations are shown in Table 1 . designed as a randomized complete block with four replicates.
Multiple regression analysis was performed on experimen-Six grazing treatments consisting of all combinations of two tal-unit means using PROC REG with STEPWISE model herbage allowances [22 or 66 kg of herbage dry matter per animal unit day (AUD, the herbage demand for 1 d for an selection and ␣ ϭ 0.15 for variable entry criteria (SAS, 1990) were not as good for the last two grazing dates at the high herbage allowance during either year (Table 3) .
Values of coefficient of determination and root mean
RESULTS AND DISCUSSION
square error were low and high, respectively, for the Leaf/Stem Ratio regression equations relating MSC to leaf/stem ratio for Leaf/stem ratio had a larger range in 1998 than in big bluestem in swards grazed at the 22 kg AUD Ϫ1 1997 ( Table 2 ). The 1998 sampling period extended into herbage allowance on any of the three grazing dates. August when big bluestem herbage was composed of
The general predicted response of leaf/stem ratio to many reproductive culms with less leaf biomass. Vegetaincreasing MSC was a quadratic decline for the nontion sampling began late in 1997 due to a late-spring grazed and high herbage allowance treatments, whereas freeze, which delayed the initial spring grazing treatthe low forage allowance treatments under-predicted leaf/stem ratio at both low MSC and high MSC values ment by 2 wk until 2 June. ( Fig. 1) . Predicted leaf/stem ratio for the low herbage allowance treatments from the last two grazing dates declined as MSC increased because leaf/stem ratio was relatively low due to intense defoliation of the grazing treatment (Fig. 1) . Thus, MSC could only be used to predict leaf/stem ratio of big bluestem tillers that were not defoliated or only lightly defoliated early in the growing season. Mean stage count should have been a good predictor of leaf/stem ratio in the nongrazed control because the proportion of stem in grass plants increases as they mature or progress from the vegetative to reproductive stage (Mitchell et al., 1997) . Mean stage count is an arithmetic average of individual tillers at particular morphological stages and does not account for differences in tiller size. Developmental stage ex- tion, especially early in the growing season. However, 
MSC became an increasingly poor predictor of leaf/
Values of root mean square error and coefficient of stem ratio as the grazing date advanced further into the determination for regression equations using days from growing season at 22 kg AUD Ϫ1 herbage allowance.
1 May or GDD to predict leaf/stem ratio in the different Plants were vegetative at all grazing dates, and defoligrazing treatments were similar to MSC equations (Taation heights were generally above the apical meristem.
ble 3). Order of polynomials were identical for days Grazing did not affect MSC of grazed vs. nongrazed from 1 May and GDD equations in 1997 and similar vegetative tillers because leaves were counted regardin 1998. less of their level of defoliation. However, grazing did affect leaf/stem ratio, especially at the lower herbage Nutritive Value allowance treatments because significant amounts of Crude protein and NDF had a larger range in 1998 leaf blade tissue were removed. Severely defoliated tilthan in 1997 (Table 2 ). In 1997, the range in CP was lers had relatively low leaf blade mass for several weeks greater for the nongrazed control and the paddocks that did not fully recover before culm elongation. Thus, grazed at the high herbage allowance than for paddocks MSC did not accurately reflect leaf/stem ratio for much grazed at the low herbage allowance, whereas the grazof the season. The lightly grazed paddocks had less leaf ing treatments had similar ranges in 1998. Lower CP blade mass removed and increased similarly in sward values in 1998 were a result of samples collected later maturity and biomass accumulation compared with the nongrazed sward.
in the summer than in 1997. In 1997 and 1998, MSC was more effective for preor sward height reduction, and including these variables dicting CP in the high herbage allowance treatments at in a model with MSC, days from 1 May, or GDD. the first two grazing dates and the nongrazed treatment Calendar day and GDD have been used to accurately than low herbage allowance treatments at all grazing predict nutritive value in perennial grasses and annual dates (Table 4 ). Defoliated tillers from the low herbage cereal grasses and were usually better predictors than allowance treatment may have the same MSC as nondemorphological developmental stage (Buxton and Marfoliated tillers, but whole-plant forage quality would be ten, 1989; Mitchell et al., 2001 ; Sanderson and Wedin, altered due to less leaf mass. Prediction of NDF from 1989; West et al., 1991) . However, Buxton and Marten MSC was poor in 1997 for all treatments except the 2 (1989) noted that calendar day and GDD would not be June grazing date at high herbage allowance (Table 5) .
useful in explaining differences in leafiness and nutritive However, in 1998, MSC accurately predicted NDF in value between cultivars within a single species because the nongrazed treatment, grazed treatments on 18 May cultivars would respond differently to environments. at both herbage allowances, and the grazed treatment Nevertheless, calendar day and GDD, supported by this on 1 June at the high herbage allowance. The differences research and others, are adequate predictors of nutritive in accuracy of regression equations between years might value and leafiness for producers planning haying schedhave been due to the longer vegetation sampling period ules or grazing turnout dates. Mean stage count is useful in 1998 than in 1997. Ranges in CP and NDF were more to researchers who want a more descriptive measure similar for all treatments in 1998 than in 1997 (Table  of plant GDD equations in predicting NDF (Table 5) foliation intensity, such as percentage of leaf remaining
